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Introduction
The impact of air pollution on public health -especially of the airborne particulate matter (PM) -has been of major interest over the last decade to both the air quality management community and regulatory authorities (Heal et al., 2012; Middleton et al., 2008) . The European Union Directive on Air Quality 2008/50/EC sets the general legislative framework on the air quality assessment in populated areas (see Supplementary Information, SI, Table S1Table S1).. This legislative framework has recommended target values for pollutants that are harmful to public health as well as to the environment and the built infrastructure (Kumar and Imam, 2013) . These pollutants include carbon monoxide (CO), nitrogen dioxide (NO 2 ), particulate matter (PM) with diameter of 10 µm or less (PM 10 ) and sulphur dioxide (SO 2 ). The prescribed standard values are intended to protect public health, including the health of "sensitive" populations such as asthmatics, children, and the elderly as well as to protect public welfare, including protection against decreased visibility (Huang et al., 2009 ), damage to animal health (Pope and Dockery, 2006) , crops and vegetation (Bobbink et al., 1998) , and buildings (Tiwary and Kumar, 2014) .
Long-term local pollution concentration measurements are usually used and interpreted accordingly by Air Quality Regulatory authorities for the preposition of national or city-scale mitigation measures (as part of a national policy and strategy) for abidance to air quality limits.
However such measurements may contain contributions from multi-scale (primarily non-local) causes; any such analyses for the design of strategies need to take into account that the effectiveness of any such proposed local measures will be determined by the relative contribution of the different (local versus non-local) causes. There are studies reporting that However, background concentrations of pollutants in an urban environment may play a key role in determining the urban air pollution field. At the same time, the contribution of chemical reactions towards air pollution depends on a number of factors, primarily including the reaction time-scale and its relative comparison with the diffusion time scale (Neophytou et al, 2004; Neophytou et al., 2005) .
South-Eastern Mediterranean is a region particularly susceptible to such mutli-scale contributions. Viana et al. (2013) report a significant impact of natural episodes (e.g. African dust) on the air quality in Southern and Western Europe, while Michaelides et al. (1999) report that dust events are commonly observed during the spring season over the Eastern
Mediterranean. Furthermore, a number of studies (e.g. Goudie and Middleton, 2001; Gerasopoulos et al., 2006; Koulouri et al., 2008; Viana et al., 2013) investigated long-term monitoring data from stations in Southeast Europe to identify the main sources of PM 10 .
However, to date, no such long-term assessment of both the PM 10 and gaseous pollutants concentration levels (such as CO and NO x ) has been conducted in the region over Cyprus in order to understand how these concentration levels are affected by the prevailing meteorological conditions.
In this paper we report a long-term assessment of NO x , CO and PM 10 concentrations measured in South-Eastern Mediterranean, at an urban station in Nicosia -Cyprus, with particular attention in the PM 10 concentrations and the multi-scale (and multi-kind) contributions contained therein.
Such an assessment has direct implications for the design of mitigation strategies. Beyond the local anthropogenic sources (primarily traffic and industrial), PM 10 are known to originate also from i) dust events, that mainly refer to the wind-blown transport of natural particles from dryarid regions, in this case from the African Sahara desert, ii) sea sprays which are finely dispersed Particulate Matter (PM) emitted from the sea surface, produced via the bubble-bursting processes leading to the production of film and jet drops, and iii) the local natural mineral dust due the local rich geological formations of the island. Measurements of the NO x , CO and PM 10 concentrations as well as of the meteorological conditions in Nicosia collected using the Air Quality Monitoring Station (AQMS) of University of Cyprus over a period of 69 month were assessed. A statistical analysis was performed and provided the most significant conditions and parameters that affect the air quality in the area. Moreover, samples from NOx AQMS-analyzer filters were examined using a Scanning Electron Microscope (SEM) in order to obtain the elemental composition as well as to understand the morphology of the airborne particles and therefore to identify their possible sources. Numerical simulations using the Dust REgional Atmospheric Model from Barcelona Supercomputing Center (BSC/DREAM) were also used to examine possible effects of regional scale flow patterns on dust concentrations. The influence of multi-scale meteorology on pollutant concentrations and the trend of criteria pollutants is crucial in the focus of this study in order to provide insight in the development of appropriate regulatory tools for urban air quality.
Methodology

Site description
Continuous monitoring data were collected in the South-East Mediterranean basin in the period from 1 st April 2008 to 31 st December 2013 using the Air Quality Monitoring Station (AQMS) of the University of Cyprus (UCY); the station is located at the South East (SE) outskirts of Nicosia city that is situated in the middle of the island. The initial location of the station was in the proximity of the UCY Student Halls Campus and next to a busy road with a traffic light at about 250 m away controlling a T-junction (Fig. 1) . Therefore, the station measurements during that period were considered as urban roadside measurements. On 12 th April 2011, the station was relocated 1 km away from the previous location of the station in the North East (NE) direction (Fig. 1) ; it is considered as a rural background location, because the surrounding area is open with agricultural fields and the small road located 30 m in front of the station has very sparse road traffic.
Any construction activities taking place during the monitoring period were also noted, since they may affect the air quality of the surrounding area (Kumar and Morawska, 2014 Thermo Fisher Scientific Inc.) was used to measure gravimetrically the PM 10 levels.
Statistical values of the mean and standard deviation are shown in Table 1 and were calculated over the actual collected measurements and not over the entire possible data encapsulated in the time period of observation. Specifically, the measurements contained 40224, 36607 and 40907 samples of NO x , CO and PM 10 hourly measurements respectively, which corresponds to ~80%, 73% and 81% of possible data over the entire period, respectively. It is also noted that from the above number of records, a total of 34368 hourly data correspond to simultaneous hourly measurements of NO x , CO and PM 10 concentrations. Any missing values that exist in the dataset (i.e. gaps that appear in time series plots) are either because of maintenance or calibration processes on instruments or instruments being out of service due to some failure e.g. a powercut.
The red vertical line in the time series plots marks the time of relocation of the AQMS station from its initial position to its current one in the University Campus. In the present study, the frequency distribution was deduced for the wind speed and wind direction data in order to study the dominant-prevailing winds regime and its seasonal variability as well as the levels of pollutant concentrations in Nicosia area. PCA was applied on the 69-month dataset in order to identify and quantify the overall contribution of the most important meteorological parameters on the pollutant concentrations (Krzanowski, 2000) . In the PCA each principal component (PC)
is a linear combination of the original variables, and all PCs are orthogonal to each other, so there is no redundant information and explain as much as possible the total variation or almost the total variation of the original dataset (total variation is the sum of the variance of each PC). In this paper, PCA was performed using the SPSS software. Monthly means of criteria concentrations were examined in terms of cumulative sums (CUSUM) with the aim to reveal changes or shifts in the trend line and is based on calculating the cumulative sums (Montgomery, 2007) . It takes care of the shift in the measurements from the mean of the process and if a point exceeds the control limits of upper decision boundary (UDB) and lower decision boundary (LDB) this point is reported as a change point. The specification of appropriate parameter values that are required within the method was done according to recommendations by Montgomery (2007) . The change-point method was first adopted in urban air pollution concentration time series analysis by Carslaw et al. (2006) for assessing the impact of major policy changes on air pollutants at Marylebone Road, London (UK).
Scanning Electron Microscope
The Scanning Electron Microscope (SEM) method provides information on the morphology and chemical composition of samples of composites. Moreno et al. (2003) well increase the signal-to-noise ratio for better results. In our case, we set the microscope working distance at 10 mm, the image pixel size 0.12 μm, the accelerating voltage of 10 kV and the magnification 1,000x. For greater accuracy of particles' elemental characterization, each sample was in the SEM chamber for about 3 hours.
Forecasting model for regional dust loads
Predictions from the forecasting Dust Regional Atmospheric Model at Barcelona Supercomputing Center (BSC/DREAM) by Nickovic et al. (2001) were used in order to identify the qualitative correlation of regional background concentrations with the PM 10 exceedances.. In this paper, modelled data and images have been specifically taken from the BSC-DREAM8b
(http://www.bsc.es/projects/earthscience/BSC-DREAM/) which solves numerically the Eulertype mass partial differential equation and reports aerosol dust load profiles on a uniform spatial grid. The dust model takes into account all major processes of dust life cycle, e.g. dust production, horizontal and vertical diffusion, advection, wet and dry deposition along with the effects of the particle size distribution on aerosol dispersion. The model is very simple to use since all that is required to get results is to define the coordinates and the period of interest on the model's website.
3.
Results and Discussion
Overall summary of meteorological data
The overall meteorological and air quality data collected over the entire period of 1 concentrations showed a total of 321 days exceeding the daily limit value of 50 μg/m 3 especially during spring and autumn seasons. This number of exceedances of the PM 10 concentrations during these seasons, is consistent with results reported by Gerassopoulos et al. (2006) for the region of Crete.
The effect of meteorology on concentrations
In order to identify and quantify the contribution of the most important meteorological parameters in relation to the pollutant concentrations, PCA was applied to a dataset composed by three pollutants (NO x , CO and PM 10 ) and seven meteorological parameters (WS, WD, AT, BP, RH, RF and SR). Interpretation of the PCs is based on finding which variables are most strongly correlated with each component according to PC value. Table 2 presents the eigenvalues and loadings of PC for the studied dataset. Only loadings with absolute values greater than 0.5 of the maximum value (Jolliffe, 2002) are selected for the PC interpretation (in bold font). The studied dataset yields four PCs, which explain the 65% of its total variance. 
Second principal component (PC2)
PC2 shows an association between CO, PM 10 and WD. The appearance of this cluster between negative loading of CO and positive loading of PM 10 give a strong indication that PC2 describes the effect of automobiles traffic, under the influence of WD. In addition, the clustering of CO, PM 10 pollutants can be explained by the fact that these pollutants have similar lifetime and temporal scale (see SI Fig. S1 and Table S2 ). 
Third principal component (PC3)
This PC exhibits a high association between WS, WD and CO concentrations. The cluster between these three variables depicts the strong influence of wind speed and wind direction on CO concentrations. In fact, this relationship is inversely proportional (i.e. when strong winds are observed, a decrease in pollutants concentrations is also observed). The reason is likely due to the pollutant dispersion, where locally strong winds disperse the pollutants and thereby reduce ambient concentration.
Fourth principal component (PC4)
PC4 considers NOx concentration as a separate PC in the environment of Nicosia. Although WD has a loading value of 0.47, which is lightly below the threshold of 0.5, indicating that the WD affects NOx concentrations.
The results of PCA reveal underlying relationship between pollutant concentrations and wind speed and direction. PCA assumes a linear relationship between the measurement variables. This relationship, using PCA, was also found to hold for the studies in Athens (Statheropoulos et al.,1998 ) Kuwait City (Abdul-Wahab et al.,2005 . The above results suggest a study of the effect of wind speed and direction on pollutants concentrations as a next step. 
Seasonal variations
The distribution of wind direction and speed over the whole period of measurements is best represented using the wind rose diagrams. The annual wind speed frequency distribution -using hourly average values -is presented in Apart from the wind data, seasonal average values of other meteorological parameters such as AT, WS, SR and (the standard deviation within the hourly wind direction mean measurement) are used to characterise the atmospheric stability (see SI Table S3 ). Table 3 shows that during spring and autumn the atmosphere in the area, according to Pasquill (1961) , is very unstable while during the winter and summer, the atmosphere is unstable. Moreover, the precipitation in the area is minimal and consequently the contribution of wet deposition due to rainfall is considered negligible. Table 3 summarizes the most important factors that influence pollutants' concentrations in the study area. Apart from the meteorological parameters (which determine the atmospheric stability and therefore the atmospheric dispersion), traffic also affects the level of pollutants concentration. The traffic in the area is estimated to be fairly high during the seasons of autumn, winter and spring, while relatively low during the summer season due to the University closure for the summer holidays of students who are the main road users. were measured during the seasons of spring and autumn where the predominant wind directions are from the WN-W sector.
Trends of monthly and daily mean concentrations
The data obtained during the period between 1 st April 2008 and 31 st December 2013 were used to investigate the trend of the daily and monthly-averaged concentration of studied pollutants. Overall, high concentrations of PM 10 were observed during the year of 2008, mainly due to the construction works taking place throughout that year at the University Campus facilities within a radius of less than 500 m from the AQMS location. Table 1 respectively. These plots show a considerable seasonal variation in the monthly concentration of all species. Despite that measurements were taken in a period of a rapidly growing area, Fig. 7 illustrates that NOx, CO and PM 10 concentrations do not exhibit substantial falling trend. A visual inspection of these plots does not show abrupt changes or shift on concentrations trend.
Therefore the application of CUSUM technique was used to investigate the monthly-mean concentration values and to reveal any such changes. It must be stressed that before the CUSUM analysis, missing values were interpolated using nearest neighbour interpolation. The CUSUM analysis of NOx concentrations yield in two more single change-point, however these single change-points depict long periods where the analyzer was out of service. The CUSUM analysis of CO concentrations reveals that there is an abrupt reduction in CO due to seasonal cycle in November 2009 (Derwent et al., 1998) . The single change-point shown in CO concentrations in September 2013 is due to the fact that the CO analyzer was out of service for a long time. On the other hand, the CUSUM analysis for PM 10 reveals the month when construction works in the university area were completed; Fig. 7f shows PM 10 concentration to exhibit a downward trend after March 2009.
Our temporal trends of NOx and PM 10 concentrations are found to be similar with other results reported by Harrison et al. (2008) where in the last decade, NOx and PM 10 concentrations are observed not to exhibit any falling trend in Europe, even if exhaust emissions standards and stationary sources regulations become tighter (Harrison, 2004; Kumar et al., 2014b) . Therefore, the question being raised is whether current knowledge on source apportionment of criteria pollutants is sufficient and whether European agencies are provided with appropriate tools for the protection of human health.
Concentration exceedances
The regulations of the European Union Directive on Air Quality 2008/50/EC prescribes limit values for CO and PM 10 as well as NO 2 -not for NO or NOx (see SI, Table S1 ). NO 2 concentrations are deduced by subtracting the NO concentration measurements from NOx ones.
Statistical analysis on pollutants concentrations reveals that NO 2 and CO concentrations are significantly below the limit values of EU Directive and the maximum hourly concentration of NO 2 is ~50% less than the Directive limit of 105 ppb. The maximum hourly measured concentration of CO is 8.9 ppm, thus any rolling 8-hour average in a day will be less than the corresponding limit value of 11.6 ppm. Therefore, it can be concluded with confidence that there are no exceedances of the Directive limits for NO 2 and CO concentrations during the measurement period. On the contrary, a large number of PM 10 exceedances have been observed over the measurement period as depicted in Fig. 8c ; specifically, the PM 10 daily limit value of 50 μg/m 3 is violated 171 times in 2008 and 64 times in 2009. Exceedances of the daily limit value for PM 10 were also observed in 2011 (34 times) and 2012 (24 times). It is worth noting that the number of missing measurements reached 503 in 2011 and 2,100 in 2013 (see Table 5 ). Missing measurements were either due to maintenance/instrument calibration processes or due to instruments being unexpectedly out of service (e.g. due to unexpected power-cuts).
Our findings are also in agreement with results presented by Viana et al. (2013) Table S1 ). As also stated earlier, the qualitative result (as pattern) of the PM 10 exceedances is also consistent with results reported by Gerassopoulos et al. (2006) for the region of Crete. Plots such as those shown in Fig. 9 represent continuous concentration surfaces that use smoothing techniques. Therefore colour bars should not be interpreted as measurement values.
The conclusions drawn from Fig. 9a -c is that the concentration pattern between the three pollutants is different. In the case of NO 2 high concentrations are observed when winds occur along NW-SE direction and the wind speed is smaller than 2 m/s. Additional contribution on NO 2 concentrations is observed when winds occur along SW sector with wind speed and the wind speed up to 3 m/s. Fig. 9b shows that CO high concentrations were observed in almost all directions with either large or small wind speeds. Table 6 summarizes both the anthropogenic and natural processes that exist in the surrounding area and affect PM 10 concentrations. Apart from traffic, which is the main anthropogenic activity, agriculture processes may also have a contribution to PM 10 concentrations since the areas in NE and SE regions are agricultural. Fig. 9c shows that high PM 10 concentrations are observed mainly when winds blow along NW sector and the wind speed is larger than 6 m/s at this time. Moreover, high PM 10 concentrations are measured when winds occur along the East North-East (E-NE) and South South-East (S-SE) sectors, and wind speeds are larger than 6 m/s.
As seen in Fig. 1 , PM 10 concentrations originating from the E-NE and S-SE sectors appear to be arising from the agricultural processes (e.g. field plowing).
While such a representation of the concentration measurements is very useful and can lead to and present the concentration data in polar coordinates for the purpose of possible source identification. As a result, Fig. 9d-f show that all three pollutants were derived from the same local road traffic sources from the NW sector; in addition, they indicate that the main emissions of PM 10 are local (small wind speeds), stemming mainly from the NW sector. However, as it was shown in Fig. 9a-c , exceedances or large concentration values were observed when dominant winds are coming from NW, E-NE and S-SE sectors with high wind speed. Therefore what is considered necessary is to use both types of plots for understanding the pollutants dispersion in the study area. Quantification of the exact proportion amongst the concentration due to local sources and regional-background concentrations require dedicated detailed studies, which is beyond the scope of current work.
The above results allow to conclude that concentrations of NO 2 , CO and PM 10 are primarily due to local road traffic (see Fig. 10 ). The concentrations of NO 2 and CO do not exceed the limit values of EU Directive, whereas PM 10 concentrations exhibit exceedances. High PM 10 concentrations values were observed when dominant winds are coming from NW, E-NE and S-SE sectors with wind speed over about 6 m/s. SEM analysis also provided important insights about the chemical composition of the samples.
Elemental composition of airborne particles
First, the column in Table 7 presents the elemental composition of the clean filter. Elementalcomposition data of the clean filter is important for the interpretation of used-filter results, since the elements found in the clean-filter analysis may also be found on used-filter SEM results, and therefore these elements should not be attributed to the pollutants. The analysis of clean filter showed the existence of C and F elements (in fact the PTFE filters are made of these materials), the existence of Au elements (the coating material of samples) as well the existence of the Fe element (substrate disk material). Therefore these five elements can be considered as "background" elements and were ignored in the SEM analysis of the used filters. The used-filter analysis showed that there are 11 elements (specifically: Al, Ca, Cl, In, K, Mg, N, Na, O, Pb and Goudie and Middleton (2001) and Escudero et al. (2011) , the SiO 2 and Al 2 O 3 dominate Saharan dust, we cannot conclude with confidence that the SiO 2 , Al 2 O 3 detected in our samples are due to the Saharan events because there were no episodes taking place during the period when the filters were used and finally collected. The indications rather confirm that during this specific sampling period when the filters were used the SiO 2 , Al 2 O 3 detected in our samples are associated with local sources.
Elements such as Na and Cl in samples indicate sea spry particles (Pey et al., 2009 ) whereas In (Indium) elements are likely to be related to traffic, especially with break wear processes.Therefore the results of SEM analysis lead to the conclusion that local traffic and geology reflected the majority of airborne particles composition. However, more studies on the chemical composition of airborne particles must be conducted for quantitative insight into the source apportionment of natural and anthropogenic particles.
Regional scale effect on PM 10 exceedances
In order to study the regional effect on PM 10 
Summary and conclusions
Long-term measurement data of particulate matter, gaseous pollutants and meteorological The conclusions of the study are summarized as follows:
1. More detailed analysis of the meteorological and concentration data using Principal Component Analysis (PCA) yields 4 Principal Components (PCs) that explain about 65% of the total variance. The analysis showed that the most significant PC is meteorology which is strongly correlated with AT, RH, SR, WS and BP parameters. A second PC, composed by CO, PM 10 and WD, indicates the effect of automobiles traffic under the influence of WD. Furthermore, it is found that CO, NO 2 , PM 10 concentrations are primarily due to local road traffic, and less due to geological minerals and sea spry sources, but PM 10 exceedances or high PM 10 concentration values were associated with high regional background concentrations. The dataset analysis also reveals seasonal effects on CO, NOx and PM 10 concentrations: high concentrations of CO and NOx were observed during winter, whilst high PM 10 concentrations were observed during spring and autumn.
2. There was not any significant change in the trends (either downward or upward) of pollutant concentrations in Nicosia identified, although some abrupt changes in CO concentrations were identified due to the seasonal cycle (e.g. in November 2009). The analysis rather points that the improved traffic emission policies are not reflected as reduction of pollutants concentrations.
3. SEM results indicate that local traffic, geological minerals and sea spray sources are responsible for the majority of airborne particles found on the elemental composition of the analysed filters. Although the characteristic constituents of Saharan dust SiO 2 and Al 2 O 3 were also detected in our sample filters, we cannot attribute their origin solely to Sahara, because these are also found in the local Cypriot geological formations. To distinguish and attribute such differences, more filters spanning different periods -some containing Saharan episodes and some not, need to be further collected and analyzed for more definite conclusions.
4. However, numerical simulations using the Dust REgional Atmospheric Model give a strong indication that the high PM 10 concentrations and the PM 10 exceedances are strongly associated with high regional background dust concentrations transported during westerly winds -related to Saharan episodes. This study contributes a valuable dataset to literature and analysis on the long-term trends of both particulate matter and gaseous pollutants in Cyprus which represents a typical Mediterranean environment. The findings can also be useful to neighbouring countries and locations with similar meteorological conditions. The influence of multi-scale meteorology and multi-kind contributions on pollutant concentrations was crucial in the focus of this study and it is intended to provide useful insights in the future development of appropriate regulatory tools for the design of mitigation strategies. Furthermore, the data can allow performance evaluation of air quality models under variable environmental conditions. While a number of unique features of long-term trends of pollutants are revealed, further research is recommended to apportion the quantitative contribution of various sources towards the studied pollutants. n n n 0 Note: Acronyms "h", "m" "l" and "n" stands for high, medium, low and no influence, respectively. Symbols +,-and 0 denote gain, loss and no effect on pollutant concentrations. (Pasquill, 1961 
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